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ABSTRACT 
Forty-nine wind-pollinated families representing 8 provenances of Luanta fir (Cunninghumiu konishii) 
were sampled from the species' range in Taiwan. The study plantation was established in central Taiwan 
with 49 ten-tree linear plots in each of 5 blocks in the randomized complete block design. In July 1998 
at plantation age 25, a 0.45-cm caliber increment core sample was extracted at breast height in the east 
cardinal direction from the best tree per plot; altogether 245 cores (1 core/family/plot X 49 families X 
5 blocks) were sampled. From each core, only the 6 outermost growth rings (near the bark) were used 
to determine extracted specific gravity according to the maximum moisture content method. Genetic 
variations among provenances and among families within provenances were tested following a general 
linear model. There was no apparent geographic variation pattern, and the main source of specific gravity 
variation was attributable to differences among families within provenance. Overall specific gravity was 
0.36 and the narrow-sense family heritability was 0.46. Wood specific gravity is strongly controlled by 
additive genetic variance, suggesting that this trait would respond to selection breeding. The importance 
of family selection was emphasized in the improvement of this wood property in Taiwan. 
 keyword.^: Cunninghamiu konishii, heritability, provenance, specific gravity. 
INTRODUCTION solid and fiber wood products. Van Buijtenen 
(1982) made a similar comment about wood 
Paul ( 1953) and Mitchell (1955, 1960) 
specific gravity. 
were frequently credited for their recogni- In general, this important wood property 
tion and emphasis on the importance of in- 
demonstrated a wide range of variation (Zobel 
corporating wood properties in a tree im- 
and van Buijtenen 1989), moderate to high de- 
provement program. Of the intrinsic wood 
gree of genetic control or inheritance (Rozen- 
properties, specific gravity (wood density) is 
berg and Cahalan 1997; Stonecypher and Zobel 
by far the most important because it is a 
good indicator of yield and quality of both 
1966; Van Buijtenen 1962; Zobel 1961; Zobel 
et al., 1972), and strong age-to-age (= juvenile 
Wood urrd Frbrr sc rrnce. 33(3) ,  2001, pp. 486119 1 to mature) correlation (~illeneuve et al., 1987). 
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Genetic information on wood properties is 
particularly limited in the tropical and sub- 
tropical tree species, and information on the 
inheritance pattern of wood properties is badly 
needed in Taiwan. Wood is the final product 
of forest growth, and any tree improvement 
program may not be successful unless the 
wood properties that meet the need of end 
product users are given consideration. 
In our sampling scheme, we intentionally 
picked the best tree (usually the largest), in- 
stead of taking a random sampling of trees in 
the plot for increment boring. Our point of 
view is as follows: The test plantation will be 
kept for future measurement of mature traits. 
It is more likely that the best tree will remain 
to the end of the test period. If random sam- 
ples are taken, the trees may not last through 
shading suppression, natural self-thinning, or 
artificial selective thinning. Secondly, the na- 
tive forest management practice is to plant 
seedlings at a narrow spacing for better weed 
control and soil conservation. The young stand 
will be subjected to several thinnings before 
the final harvest. Results of the study using 
the best tree instead of a random sample tree, 
or an average tree, may better reflect field 
practice. Finally, the best tree has a better 
chance to recover from the boring wound. 
However, readers need to be cautioned that 
statistical inference of the experiment is lim- 
~ t e d  to a few growth rings sampled from the 
best trees, not to whole tree values or the av- 
erage trees. In other words, our results are 
comparable to a test plantation that would 
have been thinned to the best trees in each 
plot. According to order statistics, population 
of the top rank individuals will have a higher 
mean and a smaller variance than the original 
population. Therefore, adjustment will be 
needed if results are to be converted to random 
samples (Kung 1977, 1980; Kung and Bey 
1978; Kung and Liu 1978). 
The objectives of this study were to deter- 
mine the distribution and the magnitude of ge- 
netic variation in specific gravity of Luanta fir 
and to assess the size of its heritability for in- 
corporation into a future tree improvement 
program in Taiwan. 
MATERIALS AND METHODS 
Discovered in 1905 by the Japanese botanist 
Konishi, Luanta fir is an important veneer- 
grade species in Taiwan. It is normally mixed 
with Taiwan red-cedar (Chamaecyparis for- 
mosensis), Taiwan Douglas-fir (Pseudotsuga 
wilsoniana), and pines at elevations between 
1,300-2,000 m in northern and central Tai- 
wan. 
The study plantation located in central Tai- 
wan (Yang et al. 1998) was established in 
1973 with 2-0 seedlings grown from seeds 
collected from each of 49 wind-pollinated 
families representing 8 different provenances 
(Fig. 1) throughout the species range. It was 
hand-planted at a 2.0- X 2.0-m spacing with 
5 replications, each containing 49 ten-tree lin- 
ear plots arranged in the randomized complete 
block design. No thinnings have been admin- 
istered since its establishment. 
In late July 1998 at plantation age 25, a 
0.45-cm caliber increment borer was used to 
remove 6 outermost growth rings near the 
bark (Lee and Wahlgren 1979; Yang et al., 
1998) at breast height in the east cardinal tfi- 
rection from the best tree per plot (Lee 1974; 
Lee and Bey 1976). In conifers, the breast 
height sampling is generally satisfactory as a 
means of evaluating whole tree values (Zobel 
and van Buijtenen 1989). Furthermore, it was 
not intended to report values of interannual 
specific gravity (earlywood and latewood 
within a growth ring) because the boundary 
between the two wood zones was rather dif- 
ficult to distinguish in Luanta fir, and it may 
cause consistently lower heritability estimates 
compared with those determined on the whole 
ring (Greaves et al. 1997). A mixture of 95% 
ethanol: benzene (1 :2v/v) was used to remove 
the extractives from the wood sample. Extract- 
ed specific gravity was determined according 
to maximum moisture content method (Smith 
1954) using all 6 outermost growth rings as 
an experimental unit to report wind-pollinated 
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Class provenance family; 
Model density = provenance family; 
Run: 
The second one is applicable to an 
individual set of provenance data: 
Proc GLM; 
Class family; 
Model density = family; 
Run: 
Family heritability is computed from the 
F-value in the second model by the following 
formula (Kung and Bey 1978): 
RESULTS AND DISCUSSION 
Mean specific gravity of Luanta fir based on 
all 49 wind-pollinated families collected 
throughout the species range was 0.360, this 
figure being 5% lower than the published val- 
ue of 0.379 (Wu and Wang 1967). 
A : Tayuan Shan B : Kuanwu Because no published genetic information 
C : Shew Kuang D : Tahsueh Shan on Luanta fir wood properties has been avail- 
E : Pahsien Shan F : Yenhai able based on whole tree values, results of our 
G : Lintien Shan H : Tanta study will have to be compared with data pub- 
A : Test site lished elsewhere. This approach may involve 
FIG. 1. Locat~on of 8 provenances and test site. discrepancies in tree species studied, the age 
of the study materials selected, sampling tech- 
family values. Altogether, 245 core samples 
( = I  core/family/plot X 49 families X 5 
blocks) were analyzed. Two general linear 
models will be fitted; the first one is applicable 
to the whole experiment. Using Statistical 
Analysis System (SAS 1985), the general lin- 
ear model can be expressed as: 
nique employed, and the test environment 
chosen. Between-provenance differences in 
this wood property were not statistically sig- 
nificant (Table 1). The range in mean specific 
gravity among provenances was from 0.342 to 
0.393. The difference was 0.051 or about 14% 
of the species mean (Table 2). No provenance 
effect (V, = 0%) was found to contribute to- 
Proc GLM; ward thel'total variation in Luanta fir specific 
TABLE 1 . The anova for provenance and families of specific grc7vit.y 
Source vsrialion S S  df M S  F value Exnected MS 
Provenance 0.01 5 1027 7 0.002158 0.891 V, + RV?. + RnV, 
Families within provenance 0.0992629 41 0.002421 1.858** V, + R V f , .  
Error 0.2553704 196 0.001303 v e  
Total 0.369736 244 
Note' R: Block = 5. n- harmonic means of no, of families = 3.4 
"*: Ggn~ficant at the 1% level 
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TABI.E 2. Description of seed source data 
- 
N o  farntlte\ I.atltudc L.ongttudc Alt~tude Family 
Provenance\ \ampled (ON) ("El (m) Wood denc~ty heritahlllty 
A: Tayuan Shan 
B: Kuanwu 
C: Sheng Kuang 
D: Tahsueh Shan 
E: Pahsien Shan 
F: Yenhai 
G: Lintien Shan 
H: Tanta 
Species range 
gravity. In addition, when specific gravity was 
related to the latitude and longitude (Table 2) 
at seed origins in a multiple regression anal- 
ysis, both variables jointly accounted for only 
17% of the total variation in specific gravity. 
This figure (= 17%) is far less significant than 
5 1 % reported for slash pine (Pinus elliottii) by 
Goddard and Strickland (1962). It appears that 
no between-provenance differences existed or 
even expected with the small number of fam- 
ilies available in Luanta fir. 
Published data indicated that genetic varia- 
tions in specific gravity among provenances 
(seed origins, seed sources, or geographic 
sources) are usually small or slight; however, 
the north-to-south and east-to-west trend may 
exist but does not always occur. Take loblolly 
pine (Pinus tueda), a major southern United 
States pine species, for example, the Maryland 
source (sp. gr. = 0.47) is 0.1 1 lower in specific 
gravity than the Florida source (sp. gr. = 0.58) 
and along the identical latitude, the Piedmont 
(or inland) source is 0.03 lower than the coast- 
al source (Zobel et al. 1972). The magnitude 
of provenance difference (0.05 1) in Luanta fir 
specific gravity is only one half the size of the 
north-to-south variation found in loblolly pine. 
Hall (1984) found no geographic trend of 
wood density in black spruce (Piceu murianu), 
nor was there significant provenance effect 
found on other tree species such as Araucaria 
cunninghumii wood specific gravity (Harding 
and W~~olaston 199 1). 
Breeding tactics have to be adjusted accord- 
ing to the genetics of tree species. In the ab- 
sence of geographic variation in Luanta fir, se- 
lection of any seed sources is not expected to 
result in any benefit. Matziris (1979) made a 
similar conclusion in his wood density study 
of 10-year-old progeny of 4 seed sources of 
Monterey pine (Pinus radiata) established in 
2 sites in Greece. 
Between-family variation is more important 
and effective than the between-provenance 
difference in improving wood specific gravity 
(Rees and Brown 1954). In sycamore (Platan- 
us occidentalis), between-family variation ac- 
counted for as high as 78.6% of the total var- 
iation in wood density, while the regional var- 
iation accounted for only 21.4% (Nebgen and 
Lowe 1982). This is also the case with Luanta 
fir in which genetic differences in specific 
gravity between families within provenance 
were statistically significant at the 1% level [F 
(41,196) = 1.858**]. Of the total variation in 
this wood property, the effect of family dif- 
ferences within provenance contributed 15% 
(=V,,). Family means in wood density varied 
from 0.318 (a family from Tanta provenance) 
to 0.421 (a family from Tahsueh Shan prove- 
nance), the difference being 0.103 or about 
29% of the species mean (Table 2). 
Geographically, Taiwan is a small island 
about 400 km long and 140 km wide, and all 
the 8 provenances studied for the genetic var- 
iation in specific gravity were sampled from 
an area of no more than 200 km apart in lat- 
itude and 80 km apart in longitude. Besides, 
the north-to-south mountain range in Taiwan 
did not seem to function as a geographic bar- 
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rier for free migration of pollen between prov- 
enances. Because of this geographic condition, 
there has been no effective mechanism to pre- 
vent members of the species from migration 
in response to glacial climatic change. A study 
at the enzymatic level involving 4 provenanc- 
es of Luanta fir from central Taiwan also con- 
firmed that between-provenance variation was 
much smaller than the within-provenance var- 
iation (Chang 1988). Young shoots of 120 
clones of Luanta fir from 5 geographic areas 
were analyzed by starch-gel electrophoresis by 
Lin et al. (1998). They also expressed their 
concern over the continual loss of species het- 
(1964) found the corresponding values: 0.56 
for average wood density, 0.07 (corresponding 
to 70 kglmqncrease in wood production) for 
the amount of genetic gain and 12.5% as the 
size of improvement over the mean density. 
We recognize the advantages of using a 
larger increment core sample (10-12 mm cal- 
iber) and sampling of more trees to represent 
a family in our future work. Under the current 
scope of sampling scheme, it was not possible 
to explore the differences in specific gravity 
values among trees within a family. 
CONCLUSIONS 
erozygosity in Taiwan. Forty-nine wind-pollinated families repre- 
Narrow-sense heritability is used to measure senting provenances of Luanta fir (Gun- 
the amount of a given trait to be passed from ninghamia konishii) were sampled from the 
parents to and is as the species range in Taiwan, Genetic variation 
ratio of additive genetic variance to the total among provenances and among families with- 
variance In general, wood density has ' high in provenance were tested following a general 
proportion of additive variance (Zobel and Jett linear model There was no apparent gee- 
1995), implying that this wood property is re- graphic variation pattern, and the main source 
sponsive to selection breeding. Heritability of specific gravity variation was attributable to 
figures vary from 0'4 0.7 and van differences among families within provenance. 
Bui~tenen 1989), and mean progeny as- The range in mean specific gravity among 
sessed at early ages may serve as a good pre- families was from 0.3 18 to 0.42 1. Overall spe- 
dictor ar later ages (S tonec~~her  and cific gravity was 0.36 and the narrow-sense 
1966). family heritability was 0.46. Wood specific 
The determined for Luanta fir gravity is strongly controlled by additive ge- 
wood density was 0.467 this figure being as- netic variance, suggesting that this trait would 
sessed at a given cambial age of 20 to 25 respond to family selection. 
years. Therefore, it provides a relative indi- 
cator rather than an absolute value because the 
environmental variance included in the heri- 
tability formula will change with tree ages and 
other factors. 
To calculate genetic gains, heritability fig- 
ures (=0.46) must be multiplied further by 
two more factors: selection intensity (=2.665 
at 1% when infinite population size is as- 
sumed) and phenotypic standard deviation 
(=0.0391 derived from an analysis of vari- 
ance). Thus, a genetic gain of 0.048 was ob- 
tained; it means an increase of 48 kglmqn 
wood production and a 13% increase (0.0481 
0.360) over the species mean. In slash pine 
(Pinus elliottii), another important southern 
United States pine species, Einsphar et al. 
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